ABSTRACT. The composition and the seasonality of the natural populations of Drosophila species in relation to the climatic variables temperature and rainfall were analyzed from September 1998 through October 1999 by monthly collections, in two woodlands in the Northwest of the State of São Paulo, Brazil. The diversity dominance component curves were inclined, reflecting low diversity and high dominance of few species. Among the 25 species recorded, Drosophila sturtevanti Duda, 1927 was the most frequent and abundant. On the opposite to data in literature, D. paranaensis Barros, 1950 abundance and frequency were greater than those from D. mercatorum Patterson & Wheeler, 1942. A positive correlation between abundance and rainfall was observed for D. nebulosa Sturtevant, 1916. These data are indicative of changes in the populations structure due to new adaptive strategies arised in response to environmental modifications. Populations are entities in a state of change. Even when the community and the ecosystem appear not to change, the density, mortality, survival, age distribution, growth rate and other attributes of the component populations generally fluctuate, as species adjust constantly to the seasons, physical forces and to each other. Consequently, it is much more revealing to discover in what way and how quickly a given population is changing than what its size and composition may be at a certain moment (ODUM, 1988) .
Populations are entities in a state of change. Even when the community and the ecosystem appear not to change, the density, mortality, survival, age distribution, growth rate and other attributes of the component populations generally fluctuate, as species adjust constantly to the seasons, physical forces and to each other. Consequently, it is much more revealing to discover in what way and how quickly a given population is changing than what its size and composition may be at a certain moment (ODUM, 1988) .
In the natural world, it is important to distinguish between seasonal changes in the size of a population, largely controlled by seasonal adaptations linked to environmental factors, and annual fluctuations. Annual fluctuations may be considered in two categories: those controlled principally by annual differences in extrinsic factors such as temperature and rainfall, which are beyond the sphere of population interactions, and intrinsic factors, oscillations controlled principally by population dynamics, like biotic factors, such as the availability of food or energy. In many cases, year-on-year changes in abundance appear to be clearly correlated to variation in one or more of the principle extrinsic limiting factors, but some species maintain such a regular relative abundance, apparently irrespective of obvious environmental factors, that the term "cycles" appears to be appropriate. Species that have such a regular variation in population size are often described as "cyclical". Populations modify and compensate for the perturbations of physical factors, thus, the more organized and mature the community, or the more stable the physical environment, or both, the less will be the amplitude of the fluctuations in population density over time (KREBS, 1985) .
According to BRNCIC et al. (1985) the seasonality of each species in the natural world is the result of a long and continuous process of adaptation to environmental conditions in which the species usually lives.
Flies of the Drosophila genus are appropriate for the study of population fluctuation, as they are insects highly sensitive to slight environmental modifications, which are reflected in the size of natural populations. Studies of the population structure and ecology of Drosophila species have supplied important information, giving us a better understanding of their evolutionary process (BIZZO & SENE, 1982) .
Thus, climatic conditions existing in different seasons of the year may be a critical factor in population fluctuation. It is known that changes in temperature and rainfall almost always affect vital parameters of Drosophila species such as viability, fertility, development time and other factors that influence the rate of population growth and survival. In addition, temperature affects the vigour of the flies and, therefore, the number of specimens that go towards the bait. Temperature, rainfall and light intensity also have an influence on the supply of resources, principally in relation to the periods of flowering and fruiting of various vegetable species which provide most of the sites for the community's oviposition and feeding (BRNCIC et al., 1985) .
Biotic factors also influence the diversity and abundance of natural populations of Drosophila, including intra-and interspecific relationships, such as, population density, population age distribution, and the competition and relationships between drosophilids and their hosts and predators.
The number of individuals of a species in a locality is significantly influenced by the presence of other species, especially those that are ecologically related (e.g. PUTMAN, 1995; BEGON et al., 1996) . As a result, genetic changes in the population reflect a response to changes caused by the presence or absence of other species. The ability to colonize multiple niches is an indication of the biological success of many species. Sympatric species usually compete with each other for a limited number of habitats within a geographical area. This competition, however, may be reduced by natural selection by means of specialization in the available niches (CUNHA et al., 1951) .
The purpose of the this study is to contribute to the knowledge of the fauna of Drosophila and of the seasonal variation in the abundance of their populations with data correlated to temperature and rainfall, in two woodlands in the State of São Paulo in Brazil.
MATERIAL AND METHODS
The collections were made in two woodlands in the Northwest of the State of São Paulo -Brazil. One is a City Park (cerrado vegetation) located within the urban perimeter of the municipality of São José do Rio Preto (20°82'210''S, 49°37'120"W; altitude 430 m) and the other is a private fragment of semideciduous tropical forest situated 23 km from the municipality of Novo Horizonte (21°32'148"S, 49°22'490''W; altitude 426 m). In order to facilitate discussion of the data the abbreviations RP and NH will be used to refer to these two regions, respectively. Due to the large area of the Novo Horizonte woodland region, it was divided into two collecting points: NH1 and NH2. The area denominated NH2 is situated to the left/North of the Tietê river bank and area NH1 is 4 km from this point. In the area close to the river (NH2) there is greater space among trees due to a higher level of anthropic activity.
Twelve collections were carried out from September 1998 through August 1999 in the area of Rio Preto (RP), and from November 1998 to October 1999 in Novo Horizonte (NH1 and NH2). The flies were attracted by open traps suspended 1.70 m from the ground containing bait made of mature bananas and fresh biological yeast (Saccharomyces cerevisiae, Meyer & Hansen, 1883) . The traps are made of dark plastic bottles with an opening covered with a wire screen (C. R. Vilela, pers. comm.) . In Rio Preto 5 traps were set, and in Novo Horizonte 8 traps, 4 near the river (NH2) and 4 away from the river (NH1). The traps were set two days prior to each collection.
The flies were captured with the aid of an entomological net, then transferred to tubes containing a banana culture medium and identified in laboratory.
The species were identified using specialized bibliography with descriptions and identification keys. The terminalia of collected male or male offspring of collected female were used to identify cryptic species. The relationship between the abundance of the species, and richness, temperature (measured at the place of collection) and rainfall (registered by the meteorological organs of the region each month), was analyzed by means of the Spearman correlation coefficient (r), to a level of significance of 5% (ZAR, 1999) . Diversity was calculated by the Shannon-Wiener index and equity or uniformity by the Pielou index (KREBS, 1999) . Voucher specimens are deposited in the Museu de Zoologia, Universidade de São Paulo (MZSP).
RESULTS AND DISCUSSION
In addition to the Drosophila willistoni subgroup, 25 species were identified amongst a total of 24,595 flies collected, being 10,800 captured in the Rio Preto area (RP), 4,780 in the Novo Horizonte 1 area (NH1) and 9,016 in the Novo Horizonte 2 area (NH2) (Tabs. I-III).
MEDEIROS & KLACKO (2004) using a closed trap for capture of drosophilids, recognized 125 species among 29,289 males analyzed in three areas of forests in the State of São Paulo. From them, 57.6% were identified at the species level and 30 species found were absent from the previous species list for the State of São Paulo (TIDON-SKLORZ & SENE, 1999) . Those authors attributed the high number of species found to the sensibility of the used methodology.
The species in the present study were classified into three groups according to their abundance, as follows: the species of group A are the most abundant, with percentage values over 10%; the species of group B are those of intermediate abundance, with percentages from 1 to 10%; and the species of group C, with low abundance, showing percentages lower than 1%.
Drosophila sturtevanti Duda, 1927 and D. simulans Sturtevant, 1919 were included in group A in the three areas; D. malerkotliana Parshad & Paika, 1964 was also included in this group in the RP area, as well as the willistoni subgroup in the NH1. Out of the total of flies collected in the three areas, around 75% are included in group A, from 7 to 25% in group B, and less than 5% in group C, that showed the greatest number of species (Tabs. I-III).
Some species had intermediate abundance and 100% frequency in the collections, as the willistoni subgroup, D. paranaensis Barros, 1950 and D. polymorpha Dobzhansky & Pavan, 1943 in the RP area and D. antonietae Sene, 2001 and D. buzzatii Patterson & Wheller, 1942 in NH2 (Tab. IV) .
Two additional drosophilids were also captured in our collections: Scaptodrosophila latifasciaeformis Duda, 1940 and Zaprionus indianus Gupta, 1970 . From S. latifasciaeformis 265 individuals were collected in the RP, 190 in NH2 and 6 in NH1. In the collections made in the RP area, 152 specimens of Z. indianus were captured from March through August, five were captured in NH1 from August through October, and 53 individuals in NH2, from April through October.
There was no correlation between the total number of individuals captured in Rio Preto and temperature (r = 0.18) nor with the rainfall index (r = 0.28) (Figs. 1, 2) . The same was true for the NH1 area, for temperature (r = 0.23) and rainfall (r = 0.39), and in the NH2 area for temperature (r = 0.42) (Figs. 1, 2). However, there was a correlation with the variation of the rainfall index (r = 0.74) in January, the month with the highest quantity of individuals (2,864), was also the month with the highest rainfall index in the period (464.5 mm). Most of the flies were captured in the hot rainy season (October through March), but a correlation was only observed in NH2 (r = 0.72).
A correlation was found between abundance and rainfall for D. sturtevanti, D. malerkotliana and the D. willistoni subgroup in RP, NH1 and NH2 (Figs. 3-5 ) and D. nebulosa Sturtevant, 1916 in NH2 (Fig. 6) , and between abundance and temperature for D. mercatorum Patterson & Wheeler, 1942 in RP (Fig. 7) .
The NH2 area was the richest, with 21 species, followed by the RP area with 19 species, and NH1 with 18 species, in addition to the D. willistoni subgroup and repleta group, which were found in all the areas, and the saltans group in the RP and NH2 areas. A correlation between richness and temperature was found for the RP area (r = 0.717), and between richness and rainfall for the NH2 area (r = 0.602).
The greatest diversity (Shannon-Wiener index) and equitability (Pielou index) was found in RP, 0.73 and 0.54, respectively. In NH1 the diversity index was 0.62 and the equity index was 0.48. In the NH2 area, the diversity index was 0.71 and the equitability index was 0.51. DOBZHANSKY & PAVAN (1950) showed that rainfall appears to have a greater influence on the abundance of Drosophila populations than temperature, since an increase in rainfall produces an increase in flowering and fruiting, thus increasing the number of oviposition and feeding sites for the species.
The populations of D. sturtevanti and D. malerkotliana seem to be strongly influenced by rainfall, since the correlation between their abundance and the rainfall index was positive in the three areas. In the months of the dry season, the number of specimens of both species was significantly reduced.
The increase of D. sturtevanti population in the months at the end and beginning of the year was also observed by TIDON-SKLORZ & SENE (1992) in relation to D. malerkotliana.
As shown in the literature, a positive correlation between rainfall and abundance has also been observed in the D. willistoni subgroup. The flies of this subgroup are frequently found in woodland regions, and are always registered in large numbers (PAVAN, 1959; SENE et al., 1980; ARAÚJO & VALENTE, 1981 ; TIDON-SKLORZ & Figs. 1, 2. Total abundance of the Drosophila spp. in every month of collection in Rio Preto (RP), Novo Horizonte, area 2 (NH2) and area 1 (NH1) (1, abundance X temperature; 2, abundance X precipitation; r, correlation of Spearman). SENE, 1992). Low rainfall is considered a limiting factor for the species of this subgroup TIDON-SKLORZ & SENE, 1992) . Drosophila simulans Sturtevant, 1919 was frequent in the three areas, however the fluctuation of the population was not associated with either temperature or rainfall. OCHANDO (1980) observed that increases in the population of D. simulans are associated with the transition of temperature between seasons. These results also suggest that seasonal changes may be influencing the preponderance of this species.
The only species for which there was a positive correlation between the number of flies captured and the temperature, in the RP area exclusively, was D. mercatorum. This species is highly generalist and is found in various phytogeographical formations, mainly in bushland (TIDON-SKLORZ et al., 1994) . VILELA et al. (1980) , in a study of the fauna of drosophilids from Argentina, observed a greater incidence of D. mercatorum flies in less extreme environments. Even though RP is not an area of great abundance of the species, the observation of the mentioned authors may explain the positive correlation between abundance and temperature for D. mercatorum, since in this area the temperature was less variable than in the NH areas throughout the year.
Drosophila paranaensis, another species of the D. mercatorum subgroup (D. repleta group) was recorded in greater numbers than D. mercatorum in every collection. The high number of flies and the frequency of D. paranaensis contrast with the data of VILELA et al. (1983) and TIDON-SKLORZ et al. (1994) , which showed that D. paranaensis is not commonly found in the different morphoclimatic domains.
There are innumerable factors that may influence the species richness of a community. First, there are factors that may be referred to as geographical, for example, latitude and longitude. A second group of factors may be correlated with the productivity of the environment (an environment with a greater variety of niches would be able to host a greater variety of species), the climatic variability, age and rigidity of the environment. A third group of factors refers to biological attributes. Relationships of predation, competition and population density, amongst others, may have important consequences on the number of species in a given locality (BEGON et al., 1996) .
In temperate and cold zones, Drosophila populations are profoundly affected by radical changes in the natural environment produced by the alternation of the seasons, with the result that the relative frequency of different species changes from month to month. In tropical areas, especially in Brazil, changes in the environment are caused by the alternation between the dry and rainy seasons (DOBZHANSKY & PAVAN, 1950) . The greater species richness encountered in NH2 may be due to two main factors: a more diverse vegetation, and the proximity of the Tietê river, creating a more heterogeneous environment. The occurrence of a large number of Cactaceae in the NH2 woodland contributed to the appearance of those species of the repleta group which are associated with cactaceous plants, like D. antonietae and D. buzzatii (VILELA et al., 1983; TIDON-SKLORZ & SENE, 1992; TIDON-SKLORZ et al., 1994) . The NH1 and RP areas shared more characteristics, both being classified as bushcountry (N. Taroga-Ranga, pers. comm.).
The three areas also presented differences in relation to the variables temperature and rainfall. In RP, species richness seems to be related to temperature; the number of species in each month corresponded directly to the increase or diminution in the temperature. In NH1, there was no correlation between species richness and either of the climatic variables. Probably another factor, unidentified yet, is influencing species richness in this area. On the other hand, in NH2, there was a correlation between species richness and rainfall. It should be emphasized that the months with the greatest species richness occur during the rainy season. These differences show that the three areas have distinct support capacities for the several Drosophila species.
The Shannon-Wiener index (H') revealed a greater diversity in the RP area, although in NH2 a greater number of species was collected. This may be more easily understood if we observe the quantity and dominance of each species in the three areas, since the index combines Positive correlation between the abundance and the climatic variables in the three areas in study : 3, D. sturtevanti; 4, D. malerkotliana; 5, willistoni subgroup; 6, D. nebulosa; 7, D. mercatorum; frequency X precipitation; Fig. 7 , frequency X temperature (r, correlation of Spearman).
two functions: number of species and uniformity, i.e. the number of individuals presented in each species (LUDWIG & REYNOLD, 1988) . Most of the flies collected in NH2 were concentrated in just two species, D. sturtevanti and D. simulans, which together represent 79.9% of the whole sample collected. In RP, despite a lower number of species, there was a greater equitability in the distribution of individuals, which was confirmed by the Pielou index.
Discussions in the literature suggest that some observations of population fluctuations may be due to sampling errors, such as the type of trap and bait used. However there are variations which can not be attributed to random factors. It is unknown whether such variations are the result of the adaptation of populations to the external environment, or whether they result from internal regulation mechanisms. In any case, periodic changes in population size have an evolutionary significance, since they may alter the genetic composition and the structure of the populations. The introduction of invasive species such as Zaprionus indianus, a drosophilid recently introduced into Brazil (VILELA et al., 2001) , which has spread rapidly, may have a significant influence on the populations of native species. Although the abundance of this species was not significant during the collection period in the present study, recent data of our laboratory confirm a surprising expansion and abundance of this species in the regions studied (unpublished data) and in other localities (DE TONI et al., 2001; TIDON et al., 2003) , which may interfere in population dynamics and favour new evolutionary strategies. Table IV . Absolute frequency (n) and percentage (%) of the number of time in that each species or group of species occurred in twelve collections. The species are grouped in relation of the level of frequency; GROUP A, the more frequent; GROUP B, the intermediary frequent and GROUP C, the less frequent; RP, São José do Rio Preto/SP; NH1 and NH2, Novo Horizonte/SP; D. ana, D. ananassae Doleschall, 1858; D. ant, D. antonietae Tidon-Sklorz & Sene, 2001; D. ara, D. ararama Pavan & Cunha, 1947; D. aus, D. austrosaltans Spassky, 1957; D. bus, D. busckii Coquillet, 1901; D. buz, D. buzzatii Patterson & Wheeler, 1942; D. can, D. canalinea Patterson & Mailand, 1944; D. cor, D. coroica Wasserman, 1962; D. fus, D. fuscolineata Duda, 1925; D. gua, D. guaru Dobzhansky & Pavan, 1943; D. hyd, D. hydei Sturtevant, 1921; D. imm, D. immigrans Sturtevant, 1921; D. mal, D. malerkotliana Parshad & Paika, 1964; D. med, D. mediopunctata Dobzhansky & Pavan, 1943; D. mel , D. melanogaster Meigen, 1830; D. mer, D. mercatorum Patterson & Wheeler, 1942; D. neb, D. nebulosa Sturtevant, 1916; D. nig, D. nigricruria Patterson & Mailand, in Patterson, 1943; D. pal, D. pallidipennis Dobzhansky & Pavan, 1943; D. par, D. paranaensis Barros, 1950; D. para, D. paramediostriata Townsend & Wheller, 1955; D. pol, D. polymorpha Dobzhansky & Pavan, 1943; D. pro, D. prosaltans Duda, 1927 
